T M he National Bureau of Standards' was established by an act of Congress on March 3, 1901 . The m Bureau's overall goal is to strengthen and advance the nation's science and technology and facilitate their effective application for public benefit. To this end, the Bureau conducts research and provides: (1) a basis for the nation's physical measurement system, (2) scientific and technological services for industry and government, (3) a technical basis for equity in trade, and (4) (SRM's) as defined by the National Bureau of Standards (NBS) are well-characterized materials, produced in quantity and certified for one or more physical or chemical properties.
They are used to assure the accuracy and compatibility of measurements throughout the Nation.
SRM's are widely used as primary standards in many diverse fields in science, industry, and technology, both within the United States and throughout the world. They are also used extensively in the fields of environmental and clinical analysis.
In many applications, traceability of quality control and measurement processes to the national measurement system is carried out through the mechanism and use of SRM's. For many of the Nation's scientists and technologists it is therefore of more than passing interest to know the details of the measurements made at NBS in arriving at the certified values of the SRM's produced. An NBS series of papers, of which this publication is a member, called the NBS Special Publication -260 Series , is reserved for this purpose.
The 260 Series is dedicated to the dissemination of information on different phases of the preparation, measurement, certification and use of NBS SRM's. In general, much more detail will be found in these papers than is generally allowed, or desirable, in scientific journal articles. This enables the user to assess the validity and accuracy of the measurment processes employed, to judge the statistical analysis, and to learn details of techniques and methods utilized for work entailing the greatest care and accuracy.
These papers also should provide sufficient additional information not found on the certificate so that new applications in diverse fields not foreseen at the time the SRM was originally issued will be sought and found. (SRM 1482 (SRM , 1483 (SRM , 1484 , NBS Spec. Publ. 260-61 (December 1978 (SRM 2009 (SRM , 2010 (SRM , 2013 
Introduction
The National Bureau of Standards (NBS) has an on-going program to establish physical property Standard Reference Materials (SRM's) as needed to improve measurement reliability.
The Center for Chemical Engineering (CCE) has been active in a portion of this effort for about 20 years in establishing SRM's for thermal conductivity over a broad range of conductivities and temperatures.
The status of this effort was recently summarized by Hust [1] .
The Center for Building Technology (CBT) has supplied calibrated transfer specimens (CTS's) for thermal resistance of insulations for over 50 years.
During the mid 1970's, the American Society for Testing and Materials recognized the strong need for thermal insulation SRM's.
As a consequence, a task group was established under the auspices of ASTM subcommittee C16.30 on thermal measurements. The recommendations for establishing thermal insulation SRM's was published in 1978 [2] .
The purpose of the present publication is to describe the combined effort of CCE and CBT of NBS to establish the second of a series of insulation SRM's as recommended by the ASTM subcommittee. The first insulation SRM is a glass fiberboard material.
It was established as an SRM of thermal resistance by Si u and Hust [3] for the temperature range 255 to 330 K in 1982, and was extended to 100 K in 1985 by Hust [4] . 
Material Characterization
In October 1979 two lots of 2.54 cm thick, glass fiberblanket insulation were purchased by the National Voluntary Laboratory Accreditation Program (NVLAP) and the Office of Standard Reference Materials (0SRM) both of NBS.
The NVLAP lot was used for proficiency testing.
Its density ranged from 8 The specimens were selected individually from a much larger lot on a criterion of uniformity of density over the center 36 x 36 cm square portions.
The material consists of fibrous glass made into a low-density blanket bonded with phenolic resin.
The fibers average about 5 ym in diameter and are oriented with their lengths extending primarily parallel to the face of the blanket.
The binder content is reported to be about 6% by weight.
The selection of this lot is described in detail in reference [14] .
3.
Measurements
The data used for certification of this material were obtained from two NBS apparatus : a)
The CBT 100 cm line source guarded hot plate with a 40 cm diameter meter area.
It is described by Powell and Rennex [5] . A smaller version is described by Hahn [6] .
b)
The CCE 20 cm circular guarded hot plate with a 10 cm diameter meter area.
It is described by Smith, Hust, and Van Pool en [7] .
During 1980 and 1981 measurements were conducted at CCE on five pairs of specimens from the 0SRM material at temperatures ranging from 100 K to 350 K. The test specimens were selected as follows:
First, four 61 cm (24 in) squares were selected from the 0SRM lot.
These four pieces were chosen so their densities spanned the density range of the lot approximately uniformly.
The specimen identification numbers wee 81614, 81356, 80156, and 85715.
The densities of these specimens were 12.16 (0.759), 13.01 (0.812), 14.24 (0.891), and 14.91 kg/m 3 (0.931 lb/ft 3 ), respectively. These four pieces were cut into 11.7 cm (4.6 in) squares and the area density of each piece was determined.
Five sets of matched pairs of specimens were selected from the 11.7 cm squares. This size was chosen so that the specimens spanned the gap between the meter and guard portions of the guarded hot plate. Guard frames were prepared from the same material to fill the remaining space between the hot and cold plates. These specimens ranged in density from 10.5 to 16 kg/m 3 . The CCE measurements were conducted with various fill gases (air, nitrogen, argon, and helium) and over a range of fill-gas pressure from atmospheric pressure to high vacuum.
The CCE measurements also involved a range of temperature differences between the hot cold plates from as small as 10 K to as large as 100 K. These variations in test conditions were helpful in separating the heat transfer mechanisms in this material.
These data by CCE have been reported [8, 9, and 10] . The atmospheric pressure data with air as the fill -gas are listed in Tables 1 and 2. More recently, CBT measured twenty-eight pairs of specimens from the 0SRM lot using the 100 cm GHP [5] .
These specimens included densities from 12 to 15 kg/m 3 .
All of the CBT measurements, listed in Table 3 , were performed at 297 K with air as the fill -gas.
The specimens were selected to span the entire density range of the lot. The densities given in Table 3 are for the entire 61 cm square specimens. 
Data Analysis
This report serves as the basis of the certification of this SRM over the temperature range 100 to 330 K with air as the fill-gas at atmospheric pressure and a plate emittance of 0.8. To facilitate comparison of the data and to provide a basis for the certification, a model was selected and optimized to represent the data.
A variety of models from the literature were examined for this purpose.
None of them proved adequate for the entire temperature range of this certification. As a consequence, modification of the form presented for the certification of the glass fiberboard SRM [4] was used. This model described the 128 GHP data points from CCE and CBT with no systematic deviations either as a function of temperature (from 100 to 350 
where the values of the parameters , a-,-, are ai = -0.1059, a^= 0.1378, a= 0.07714, a 4 = 8472. 10 -9
, and ac = 1.339, p is the bulk density in kg/m 3 , T is temperature in K, and x(T,p) is the apparent thermal conductivity in mW.rn"
The deviations of the data from this model are shown in figure 1 as a function of temperature, and in figure 2 as a function of bulk density.
The two standard deviation values computed from the residuals of the fit is 2.1%.
For illustration, values of x(T,p) are calculated and plotted in figure 3 as a function of temperature at a density of 13 kg/rn 3 , and in figure 4 as a function of density at a temperature of 300 K.
Although the deviations shown in figures 1 and 2 appear random, systematic differences between the CCE and CBT data as a function of temperature are noted. A similar difference in the slope as a function of temperature was noted in the data for the glass fiberboard SRM 1450b [4] .
The source of this systematic difference is unknown, but it is less than the overall scatter of the data sets.
5.

Comparisons
It is desirable to compare equation (1) to the results from other measurements on similar materials.
It is most convenient to make these comparisons of X(T,p) through the use of the models.
The baseline for these comparisons will be the values as calculated from equation (1) .
The most direct comparison that can be made is with respect to the recently completed round robin on low-density glass fiberblanket materials as reported by Hust and Pelanne [11] .
Part of these measurements were performed on the NVLAP material obtained from the same supplier as was the 0SRM material.
The data used to develop the model reported by Hust and Pelanne [11] included temperatures from 255 to 330 K, and densities from 11 to 35 kg/m 3 .
The comparison of the two models as a function of temperature for a density of 13 kg/m 3 is shown in figure 5 .
The comparison as a function of density at a temperature of 300 K is shown in figure 6. Systematic differences between the two equations of as much as 2% are noted at the lower densities.
The agreement is excellent at the higher densities. Since part of the material used in the round robin was similar to the material Figure 3 Thermal conductivity as a function of temperature at a density of 13 ky/m 3 as calculated from equation (1) . Thermal conductivity as a function of bulk density at a temperature of 300 K as calculated from equation (1) . O -Round Robin Model [11] A -Smith and Hust [9, 10] DENSITY, kg/m Figure 6 Comparison of equation (1) Calculated values from this equation are compared to equation (1) in figure 6. This curve is nearly parallel to the curve for the round robin equation [11] .
Since the round robin equation is based on NBS data, a systematic difference between the supplier's measurements and NBS measurements is noted.
Another comparison that is useful for SRM utilization is with respect to the equation presented by Rennex [12] , A = 25.3 + 212/p, for the CBT GHP data at a temperature of 29 7 K. Figure 6 shows that the equation presented by Rennex differs by less than 1% from equation (1) .
The NBS-HFM apparatus with plate dimensions of 61 x 61 cm (24 x 24 in) and meter dimensions of 25 x 25 cm (10 x 10 in) was used to measure 75 specimens from this lot at 297 K.
Rennex [12] reported these data and an equation describing the data to within about +2%.
This equation, x = 24 + 229/p, is compared to equation (1) in figure 6 .
The deviations of the two equations are well within 1% at the low density end, but exceed 1% at the higher densities. 
Certified Val ues
For certification purposes, values of thermal resistance, R, are desirable. Values of R at a thickness of 2.54 cm (1 in), R 0 , calculated from equation (2) are listed in Table 4 in units of m^.K-W" 
The as-tested thickness will most likely be slightly different from 2.54 cm.
The R values at different thicknesses, L, are calculated from R = R Q L/0.0254 (3) where R is the thermal resistance at the tested thickness, and R Q is the certified value interpolated from the table or calculated from equation (2).
It should be noted that this material is certified only for thicknesses within the range of the tests reported, nominally 2.54 cm (1 
in).
The specimens should be in good contact with the apparatus plates, but compression to a thickness less than 2.4 cm should be avoided.
Reference 13 may aid the user in connection with the compression properties and homogeneity of this material.
Values of thermal resistance of this SRM are expected to be within 3% of the computed values at temperatures from 250 to 330 K, and increasing to 5% at 100 K. These estimates are based on the experimental data and include both material variability and measurement uncertainty. 
